We present, for the first time, the probability density function (PDF) of 
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maximum likelihood estimates (MLEs) analysis and attempt to identify the best model 32 that describes the observed distribution of vorticity. We interpret the model and its spatial 33 variation in terms of the underlying magnetohydrodynamic processes. We conclude by 34 proposing that a similar approach should be used for future studies of magnetic field-35 aligned current (FAC) fluctuations.
36

Method
The Super Dual Auroral Radar Network (SuperDARN) [Greenwald et al., 1995; 37 Chisham et al., 2007] We compare the probability distribution of measured vorticity ω at different locations 53 with three candidate heavy-tailed model distributions:
54
(1) The exponential probability density function (PDF)
(2) The Weibull PDF (corresponding to a stretched exponential cumulative density function)
where the function tends to an exponential as c tends to 1.
55
(3) The q-exponential PDF
where the function tends to an exponential as q tends to 1. (This is the form as given in
56
Shalizi et al. [2007] -the function is also written in an alternative form with q = 1/(2−q)).
57
The parameters of each model distribution are estimated using maximum likelihood et al., 2007; Qiao and Tsokos, 1994; Sornette, 2003; Shalizi et al., 2007] 
where L is the likelihood function, whereθ 1 =λ,θ 2 = (ĉ,χ), andθ 3 = (q,κ) for our three model distributions, and where K i is the number of parameters being estimated for model i. The most likely model is the one with the minimum AIC, termed AIC min . The
Akaike weights are the relative likelihoods of each model, given by of data points involved in the MLE analysis. That is, the more data we have, the easier 83 it is to clearly distinguish between different models.
84
Even so, it is evident that the q-exponential may still not fully describe the vorticity AACGM latitude, 0600-0900 MLT (typical of the polar cap).
93
As before, we fit our three model distributions to each of the measured vorticity PDFs 94 using maximum likelihood estimates, and then select the most likely of the three models 95 in each case using Akaike weights. In figure 1b , the PDF is more leptokurtic than that 96 shown in figure 1a , but the Akaike weights analysis again suggests that the q-exponential X -10 CHISHAM AND FREEMAN: IONOSPHERIC VORTICITY DISTRIBUTIONS equation and the generalised Ohm's law and taking the curl, we find that the vorticity 140 ω = ∇ × v is given by the classic baroclinic vorticity equation
where p is the ion pressure.
142
Now separating velocity v into a deterministic part and a stochastic part corresponding 143 to unresolved or otherwise unrepresented processes, we find that the vorticity equation 144 can be written in the form of a general Langevin equation
where ξ and η are independent Gaussian white noises representing the unrepresented 146 processes, and h is a constant. Here the multiplicative noise term (g(ω)ξ(t)) corresponds 147 to the convective (first) term on the right-hand side of the vorticity equation (6) and the 148 additive noise term (η(t)) corresponds to the baroclinic (second) term.
149
In the general case where both terms are important, the q-exponential is a stationary 
